A wheel-point apparatus aud hand-held computer are operated by one person for lo&g, checking, and summarizing of plnnt data. The point fewer method is modified to record plant eonnnunity composition by cover aud vertical structure and to derive an index of spatial heterogeneity of composition along a transect using the wheel-point in combination with the computer.
site. Detection of patchiness and the description of structure in vegetation has not been previously attempted using point cover data. In must plant communities, individual plants are rarely distributed randomly at any scale, particularly in the arid zone (Anderson 1970 , Lanacraft et al. 1983 .
The volume of data collected for surveys, ecological studies, environmental impact studies, and land monitoring purposes has grown rapidly in recent years. This in turn has resulted in the need for rapid and accurate data collection techniques and means of rapidly analyzing the data in the field or immediately after field work has been completed. Light-weight, portable computers have yet to be. extensively incorporated into field recording ofvegetation data. Such devices can operate relatively large and complex prdgrams designed for specific or general purpose data collection and with a large number of in-built checking routines. The real advance for field work is that precise definition of the data structures and collection procedures are required. This enables almost all data checks t" be performed on site. Large complex data sets can be efficiently collected, checked, stored, analyzed, and subsequently transferred to other computers. This paper describes a technique for combining the wheel-point apparatus with a hand-held computer so that one person can both collect and check cover data in the field. In addition, information about plant vertical structure is also recorded. The sequentially recorded data can be analyzed for an index of compositional and structural heterogeneity across the site. The enhanced wheel-point method is most appropriate in sparsely vegetated areas where plants are usually separate from one another and 2 or more plants rarely occur over the same point.
Materials and Methods

Equipment
A wheel-point apparatus is attached to the frame of a backpack so that the apparatus can be pushed by the body and maneuvered comfortably through thick vegetation without the use of the operator's hands. The portable computer is held in a small box supported by a strap around the operator's neck (Fig. 1) . In this way the operator has both hands free to operate the computer and when necessary, give additional guidance to the wheel-point.
Data are thoroughly checked by software for structural and spelling inconsistencies then stored directly into the RAM memory of a Sharp PC1 500 portable computer (several other computers are similarly small, portable, and have equivalent memory). At regular intervals (each 100 points) the data are stored onto a portable cassette tape. After field sampling, the data on tape are transferred to a larger computer for more complex analysis, if required. The software has been field proven with sampling of over 100 transects, each transect being sampled for 1,000 points of data. The only limitation to data collection is that each block of 100 points be collected before being written to cassette tape. The number of 100 point blocks written to tapes is unlimited.
A program listing and detailed operating instructions are available on request from the author. A program to read the data from tapes and transfer them to another computer is also available from the author. Further programs for microcomputer analysis of the data are available.
sampling Procedure
Transects can be sampled with any number of points in multiples of 100, each point a fixed distance apart. Data are collected from the herbage and, tree and shrub layers. At each point, potentially 4 items of information (2 in each layer) are recorded. First, if a herbage species is struck with a point, a 4-letter code representing that species is recorded (for example TRPU for 7kiodiupungens). At the point of strike, the height of the plant above the point struck is recorded in 1 of 10 height classes, for example in .25-m intervals (ranging from 0 to .25 m up to >2.00 to 2.25 m and a class for all 80 plants >2.25 m). The same information is gathered for plants in the tree and shrub layer above the point; a strike is defined as contact with the canopy on a line rising vertically from the point. Data from both strata are concatenated and stored in the computer memory as a single word. Only 2 layers in the data are recorded since the incidence of more than 2 species over the same point ,is extremely low in sparse vegetation. This method differs from conventional aerial cover estimates in that it is possible to have more than 100% cover when 2 species are recorded frequently over each point, although this has not occurred in any field experience. A fabricated example of a short transect and the data gathered from it is illustrated in Figure 2 .
A measure of spatial heterogeneity is derived from the data by segmenting the entire transect into several equal 'lengths' and calculating the cover of all species within each 'length.* The cover values for species can then be compared between all'lengths'and a measure of heterogeneity derived by using the algorithm of Rotenberry and Wiens (1980) which calculates the normalized sum of the differences between the maximum and minimum cover values in all 'lengths' for each species. As an example, 1,000 point transects are treated by the author in 'lengths' of 200 points. The number of points included in a 'length'will be a function of the total cover and of the scale of patchiness to be detected. The 'length'can be altered in software that analyzes the data.
Discussion
A wheel-point strapped to the operator and a hand-held computer proved to be both comfortable and easy to use. The maneuverability of the wheel-point was not reduced, provided the method of attachment to the operator was not too rigid. In several vegetation types, ranging from dense shrubland to open hummock grassland an experienced operator can sample a 1,000 point (points 1 m apart) transect in 1 to 3 hours depending on the cover and structural complexity of the vegetation.
Temperature limitations (up to 400 C) or dust in the computer were not serious problems even in the conditions experienced in central Australia. The small keys on the computer did not inhibit data entry, particularly if function keys were used. The complement of function keys store the full codes of the most frequently encountered species and can be entered with a single keystroke.
There are no a priori reasons for assuming an inter-point distance for sampling, especially in relation to the dimensions of individual plants. However, a method for estimating the approp riate distance between points for cover measures has been devised by Davy and Jakeman (1984) .
